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ABSTRACT 
 
Introduction:  Normal muscle wasting due to aging, known as sarcopenia, has many 
implications in society, especially with a growing population of elderly people.  In this study, 
muscle fiber size and count, nuclei count, and ratio of fast- to slow-twitch fibers was studied 
between Ames dwarf mice (df), an established model of aging, and wild-type mice (WT) to 
learn more about the mechanisms of aging, specifically related to skeletal muscle. 
Methods:  Four hind limb muscles were harvested from two Ames dwarf mice and two wild-
type mice, sliced cross-sectionally and mounted on slides.  After mounting, the slides were 
stained three different ways to reveal fast-twitch fibers, slow-twitch fibers and nuclei. 
Results:  Data regarding size and number were collected from images of the stained slices.  
Statistically significant differences between the two species included mean cross-sectional 
area of the individual soleus muscle fibers (1973.9 μm WT, 770.3 μm df) —P<0.001; nuclear 
count of the soleus muscle (2.8x higher in WT); ratio of fast- to slow- twitch fibers (df 1:2, 
WT 1:1); entire soleus cross-sectional area (WT 5x > df); and total number of fibers per 
soleus muscle (833 WT, 219 df.) 
Conclusion: The differences seen between dwarf and wild-type skeletal muscle found in this 
study are attributed to the genetic mutation of the Ames dwarf mouse, specifically the lack of 
GH action, causing a decreased cross-sectional area of muscle fibers and decreased number 
of fibers resulting in decreased cross-sectional area of the whole muscle, as well as decreased 
nuclear count, and decreased number of fast-twitch fibers to each slow-twitch fiber.  The 
viii 
 
same characteristics of skeletal muscle will need to be studied in older mice (multiple age 
groups) for both mouse lines in future studies to make this study’s results conclusively 
applicable to GH effect on sarcopenia. 
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CHAPTER I 
INTRODUCTION 
Aging in skeletal muscles (sarcopenia) is defined as the loss of muscle mass, strength 
and quality.  In 1993, Evans and Campbell1 proposed that the decrease in force of muscle 
with aging was due to the loss of muscle mass and not the ability of individual muscle fibers 
to generate force.  Research has shown that age-related structural or chemical changes in 
proteins, actin and myosin, influence muscle function—decreasing its force up to 20%2,3,4— 
and anatomical structure (individual muscle fibers atrophy, the total number of fibers 
decreases, and the ratio of fast- to slow-twitch muscle fibers decreases.5)  Past literature once 
conflicted on whether there was a significant reduction in one type of fiber over another 
(Type I –slow-twitch and Type II –fast-twitch) or no difference at all.  In 1983, Lexell et al6 
concluded that the primary fiber type reduced in number in aging skeletal muscle was that of 
Type II and in 1984, Grimbly et al7 reported insignificant findings in subgroupings of Type II 
fibers in between age ranges of muscle samples.  However, more recently, studies show that 
a greater percent of Type II fibers display atrophy with aging.5,8     
Today, sarcopenia has great consequences, such as decreased quality of life for 
individuals, increased healthcare costs, and increased social service needs.  Individuals who 
do not participate in frequent, regular muscle-building exercise will experience muscle 
atrophy with age, risk of early sedentary lifestyle, a higher degree of social isolation, need for 
social services to aid in the home, and/or falling due to weakness.  In 2006, the estimated 
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direct medical cost of fatal falls was $0.2 billion and the cost of non-fatal falls was $19 
billion.9  This cost can be considerably decreased in the future with the implementation of 
effective resistance training programs for older adults, resulting in a decreased incidence of 
falls and an increase in quality of life.  Along with working towards implementing these 
programs, scientists continue to study the physiological mechanisms of aging.  Currently, it is 
established that changes with aging include decreased cross-sectional area of muscles with 
decreased size of muscle fibers.  Also discovered as results of aging are changes in motor 
firing characteristics, muscle fiber function and aerobic capacity.10  To better understand the 
chemical mechanisms of these sarcopenic structural changes of muscle is to work toward 
potential prevention of these financial and social consequences.  
Mice are commonly used as specimens in this research, especially since the discovery 
of two species of genetically mutated mice—Snell mice in 1929 by George Snell and Ames 
mice in 1961 by Schaible and Gowen at Iowa State University in Ames, Iowa.11  Studies 
show that both species have defects of the pituitary gland resulting in a lack of growth 
hormone (GH), prolactin (PRL), and thyroid stimulating hormone (TSH) caused by a 
recessive autosomal mutation.  The differences between the species come from differences in 
genetic background and not in effects of their respective mutations.  Snell dwarfs have been 
found to have a point mutation in the gene for the transcription factor Pit-1, which causes 
lack of all three of the aforementioned hormones.12  Ames dwarfs have a point mutation, 
specifically, at position 83 of the homeodomain protein, in the Prop-1 gene, in turn affecting 
Pit-1 transcription and causing the lack of the same three hormones.13  Since their 
discoveries, they have been used to study aging and longevity in mammals.11  They grow to 
approximately one-third the size of wild-type mice and live significantly longer. 
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 In 1996, Brown-Borg et al14 used Ames dwarf mice to study the difference in length 
of lifespan between wild-type and dwarf mice, reporting that male and female Ames dwarf 
mice lived 49% and 64% longer, respectively, than their normal wild-type siblings.  This 
supports the use of Ames dwarf mice as models of longevity and creates opportunities for 
studies to be done comparing wild-type and Ames dwarf mice to explore the effects of 
growth hormone on aging tissues, including skeletal muscle.  
There are several theories of aging, including the error catastrophe theory, the 
accumulative waste theory, and the aging clock theory, which is closely related to the 
telomere theory.  The error catastrophe theory proposes that gradual degradation of DNA in 
cells impairs the quality of daughter cells’ ability to proliferate correctly, causing the decline 
that is aging.15  The accumulative waste theory states that aging is caused by toxic build-up 
of damaged macromolecules and organelles, inducing consequent cell death.16  The aging 
clock theory proposes that aging is due to preprogrammed sequences, which give our cells a 
set lifespan.  One mechanism proposed is the shortening of telomeres to the point of inability 
of the cell to multiply—known in other theories as the Hayflick limit17—which is exactly 
what the telomere theory offers as the mechanism of aging. 
Another is the free-radical theory of aging.  In 1956, Harman19 hypothesized that 
aging could be attributed to the accumulation of free radicals (normally produced with 
cellular metabolism) as they exhibit deleterious side attacks on cell constituents.  The theory 
states that the greater the production of free radicals—also known as reactive oxygen species 
(ROS)—in an organism, the shorter the lifespan.  In fact, it is said that the rate of ROS 
production is the strongest correlation with longevity, though ROS may not act alone in the 
event of aging.20  These natural by-products, usually generated in the mitochondrial 
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respiratory chain, result in oxidative stress—damaging other cellular components, such as 
DNA, proteins, lipids, and others.  As organisms age, the production rate of ROS increases.  
Normally, the body counters the effects with an antioxidant defense system; however, a 
likely feature of aging is the disturbance in the balance between the production of free 
radicals and the repair of that damage.21   
Specifically in skeletal muscle, ROS presence is high due to the high oxygen 
consumption rate and mitochondria count.  While it is acknowledged that exercise training 
can decrease or prevent sarcopenia, there is also evidence that indicates muscles that have 
already become sarcopenic may be more susceptible to oxidative stress, specifically during 
endurance exercise, which increases the production rate of ROS.22  However, after studying 
the body’s adaptations to exercise, Leeuwenburgh23 concluded that with the increased ROS 
caused by exercise also comes an increase in antioxidant defenses, as well as reduced basal 
production of oxidants and reduction of radical leak during oxidative phosphorylation.  This 
supports exercise in demonstrating that the benefits, regardless of age, far outweigh the risks.  
The question becomes not should the elderly exercise, but how.  Fulle21 recommends highly 
personalized training programs that change each year to maximize positive effects while 
minimizing negative effects. 
 In support of the free-radical theory of aging, Brown-Borg et al24 published research 
showing that the Ames dwarf mice demonstrated increased amounts of enzymes countering 
oxidative stress, including catalase—demonstrated in 3 previous studies25,26,27—and that mice 
treated with excessive GH have significantly decreased amounts of catalase25 and increased 
oxidative damage to skeletal muscle.  Ames mice continue to be used for scientific research 
on aging. 
5 
 
This experiment uses the Ames dwarf mice and wild-type mice to gather statistical 
data on the anatomical changes in muscle fiber types throughout aging.  The purpose is to 
compare the changes in muscle fiber number, cross-sectional area, and ratio of fast- to slow-
twitch fibers between the two lines of mice. 
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CHAPTER II 
MATERIAL & METHODS 
Animals Used 
 A research protocol was submitted and approved by the University of North Dakota 
animal facility for the use of mice in this experiment.  The female gender was exclusively 
chosen for the study to maintain consistency of subjects as much as possible.  Two 3-month-
old Ames dwarf mice (df) and two 3-month-old wild-type/normal mice (WT) were treated 
equally prior to sacrificing.   
Tissue Extraction 
Muscles chosen for study included four hind limb muscles: soleus, 
gastrocnemius/plantaris, tibialis anterior, and extensor digitorum longus (EDL).  To harvest 
the muscles, the mice were anesthetized using approximately 250 to 350 µl of 
tribromoethanol via intraperitoneal injection, allowing continuous blood supply to the 
muscles for preservation until collected.  Once the muscles were cut from the bones, they 
were snap-frozen in liquid nitrogen-chilled isopentane, put into labeled tubes and then kept in 
liquid nitrogen until able to be stored at -80°C.  To preserve the resting shape of the two 
smaller muscles—soleus and EDL—liver was harvested from a donor mouse and the muscles 
were laid on liver sections at resting length prior to freezing in isopentane.  The muscle 
counterparts of the opposite leg were also harvested in the same fashion (minus the 
application of EDL and tibialis anterior to liver prior to freezing) for future assay studies. 
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Muscle Slicing 
Muscles were sliced at -25ºC in a Microm HM 550 cryostat machine (ThermoFisher 
Scientific, Walldorf, Germany).  Once mounted on the chuck, a microtome blade was used to 
slice cross-sectionally into the tendon from one end until the musculotendinous junction was 
passed.  Once muscle was reached, 30 slices (10 µm thick) were preserved 3-to-a-slide on 10 
gelled slides.  Then 100 passes were made with the microtome bade (set at 50-micron thick 
slicing) to advance further into the muscle where 30 more slices were preserved on 10 more 
slides.  Advancement was made once  
more via 100 passes set at 50-microns thick slicing and 30 more slices were preserved 
similarly.  The slides were stored at -20°C.   
Slide Staining and Mounting 
A hematoxylin and eosin stain (H&E) protocol was followed for each group of 30 
slices taken from each muscle.  Immediately following staining, the slides were mounted 
using Permount™ Mounting Media (Fisher Scientific, Pittsburgh, PA) and a cover slip.  
Slides were allowed 24 hours to dry before images were captured. 
The Vector M.O.M. Immunodetection Kit PK-2200 (Vector Laboratories Inc, 
Burlingame, CA) was used to stain muscles slices for fast- and slow-twitch muscle fibers 
using antibodies and kit diluent, as well as several other chemicals, buffers, and serums per 
protocol.  Staining for fast-twitch fibers resulted in the fast-twitch fibers appearing dark in 
color compared to the slow-twitch fibers.  Staining for slow-twitch fibers had the same effect 
and so had to be well-labeled to be able to discriminate from slides stained for fast-twitch 
fibers.  
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Result Gathering 
Due to time constraints on the completion of this entire study, the results strictly 
include the measurements of the soleus muscle of each mouse.   In the future, similar data 
will be gathered from the stained cross-sectional slices of the gastrocnemius, tibialis anterior, 
and EDL muscles of each mouse.   
To improve the power of the statistical data, 15 individual muscle fibers of each of 
the four mice were chosen at random to increase the N value of each line of mouse to 30.  
Randomization of the selection of individual muscle fibers was achieved using a “True 
Random Number Service” (www.random.org) found online.  The total number of  
muscle fibers for each mouse was entered into the program one at a time, the desired number 
of results (15) was chosen, and the program then displayed 15 numerals representing 
different individual muscle fibers for each mouse.  Because of this, the statistical process was 
done as if there were 30 donor mice from each line—60 total.   
The DP Controller computer program (Panasonic, Secaucus, NJ) was used to capture 
images of one cross-sectional slice from each soleus muscle.  Three images were gathered for 
each mouse—one muscle slice stained with the H&E protocol revealing nuclei and muscle 
fibers and two slices stained with the Vector M.O.M. Immunodetection Kit, one revealing 
fast-twitch fibers and one revealing slow-twitch fibers.  Once captured, the images were 
opened in Scion Corporation software (Scion Corporation, Frederick, MD) to gather all data.  
Cross-sectional area was determined on the H&E stained slide via tracing each muscle fiber 
around the edges three times.  The three values were averaged and recorded as the final 
muscle fiber cross-sectional area.   
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Figure 1. Wild-Type 1 Soleus H&E Stain 
Figure 2. Wild-type 2 Soleus H&E Stain 
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Figure 4. Ames dwarf 2 Soleus H&E Stain 
Figure 3. Ames dwarf 1 Soleus H&E Stain 
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All values were compiled and averaged to give an average cross-sectional area of muscle 
fibers for each muscle sample.  The image of the H&E stained slice was also used to measure 
the cross-sectional area of the entire muscle using the same method as was used on each 
individual fiber as well as count the nuclei.  Using the same program, fast- and slow-twitch 
fibers were counted from their respective images, recorded and compiled with the other 
mouse of the same mouse lines’ data. 
For each muscle sample, nuclei were counted and recorded, as well as the numbers of 
fast- and slow-twitch fibers revealed with the immunodetection kit.   
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CHAPTER III 
RESULTS 
 Using SPSS statistical software version 17.0 (SPSS Inc, Chicago, IL) for statistical 
analysis, a significant difference was found between soleus muscle fibers sizes of Ames 
dwarf mice and wild-type mice.   
 The wild-type mouse soleus was generally 5x larger (cross-sectionally) than the 
dwarf soleus.  (See data tables.)  Individual soleus muscle fibers of the wild-type mouse were 
2.5x larger and contained 4x more muscle fibers than the dwarf.  Also, the wild-type  
mice had almost 3x more nuclei than the dwarfs.  The dwarf mice had a greater ratio of slow- 
to fast-twitch muscle fibers, where the wild-type demonstrated a 1:1 ratio.  
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CHAPTER IV 
DISCUSSION 
 Per study of adult female Swiss-Webster mice (used scientifically as a general 
multipurpose model) the hind limb muscles EDL, TA, gastrocnemius, and plantaris 
muscles are primarily composed of type II fibers and soleus muscle is primarily composed of 
type I fibers28.  This is found to be true for the Ames dwarf in this study, but not for the wild-
type mouse.  This finding will enhance future study comparing fiber-type content changes 
with aging.   
  Previous literature has also shown that GH-deficient animals have smaller cross-
sectional area of muscle fibers than their wild-type littermates29 and animals who overexpress 
GH have muscle fibers with larger cross-sectional areas.30,31  Several studies have been done, 
with no concrete conclusions, which involve administering GH to animals expressing 
different levels of GH naturally. General observations have been made, including that GH 
appears to preferentially benefit Type I fibers.29  Effects seem to depend on the rate/method 
of GH administration, which lends to the inconclusiveness of the combination of previous 
study results. 
 
Table 1. Group Statistics—Cross-Sectional Area 
                                      Mouse Line    N      Mean      Std. Deviation     Std. Error of Mean 
Cross-Sectional Area    Dwarf            30      770.33    327.45                 59.78 
 (µm)                             Wild-type      30      1973.86  594.20                 108.48 
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Table 2. Group Statistics 
Line         Nuclei       Fast-T       Slow-T       Total Area (µm)        Fibers (#) 
Dwarf          459.5             150                  304                   215,862.345                219 
Wild-type    1302.5           225                  234                   1,093,683                    833 
*No statistical data was done with these values—only trends observed 
 
 
 
 
 
 
 
 
 
 
 
 
Another difference between Ames dwarf and wild-type mice is the expression of 
catalase and Cu/Zn superoxide dismutase—both of these substances are involved in 
removing ROS from the body and have been concluded to be likely mechanisms of 
prolonged longevity of dwarf mice.32    
Statistical differences between the wild-type and dwarf mice in this study are thought 
to be attributable to the lack of GH use by the Ames dwarf mice.  This study does not show 
results that pertain to oxidative stress, but future development of this study could show 
 
Figure 5. Cross-Sectional Area 
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support of skeletal muscle of GH-resistance of Ames dwarf mice experiencing less 
sarcopenia because they undergo less oxidative stress, have increased anti-oxidant defenses, 
and/or fewer mitochondria to produce free-radicals.   
Results from these mouse species may not be able to be applied directly to human 
aging and sarcopenia, but it should increase the basis for future research comparing the 
genetically-altered dwarf mice to wild-type mice and hopefully lead to further conclusions 
about the mechanisms of aging in skeletal muscle in general. 
 Limitations of the study include low subject count (N) and samples from only one age 
of both mouse species.  (See “For future study.”) 
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CHAPTER V 
CONCLUSION 
 The observed effect of GH on skeletal muscle, seen in the wild-type versus Ames 
dwarf mice, is an increase in cross-sectional area of both the whole muscle and each 
individual fiber (wild-type larger than Ames dwarf,) increased nuclear count (wild-type 
greater than Ames dwarf,) increased number of fibers (wild-type greater than Ames dwarf,) 
and an increase the number of fast-twitch fibers to each slow-twitch fiber (wild-type ratio 
1:1, Ames dwarf ratio 1:2.)  Generally, the wild-type mice displayed larger and a greater 
number of muscle fibers than the Ames dwarf mice.  The most prominent difference between 
the two species is the increase in slow-twitch fibers and decreased in fast-twitch fibers as 
compared to the wild-type mice. 
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CHAPTER VI 
FOR FUTURE STUDY 
In the future, measurements will be performed on the other three hind limb muscles 
and more soleus muscles to increase the N of the 3-month-old population.  Also, an equal 
number of female dwarf and wild-type mice ages 12-month and 24-month will be studied in 
the same fashion to make comparisons of the effects of aging on whole and individual 
muscle fiber size, fast- and slow-twitch fiber count and nuclear count within each species.  
And finally, the hind limb from each mouse that was not cross-sectionally sliced may be 
processed and used to run assays, including a catalase comparison. 
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